Consumers of alcohol mixed with energy drinks (AmED) are more likely to drive while impaired when compared to alcohol alone consumers. In addition, acute tolerance to the internal cues of feelings of intoxication is known to contribute to maladaptive decisions to drive while impaired. Therefore, the purpose of this study was to determine whether there is differential development of acute tolerance for AmED versus alcohol alone for ratings of willingness to drive after alcohol consumption. Social drinkers (n ϭ 12) attended 4 separate sessions where they received alcohol and energy drinks, alone and in combination. The development of acute tolerance to alcohol was assessed for several objective (a computerized cued go/no-go reaction time task) and subjective measures at matched breath alcohol concentrations (BrACs) for the ascending and descending limbs of the BrAC curve. The results indicated that alcohol administration decreased willingness to drive ratings. Acute tolerance was observed in the AmED dose condition for only the willingness to drive ratings that were significantly higher on the descending versus ascending test. Alcohol-induced impairments of the computer task performance did not exhibit any acute tolerance. Therefore, the differential development of acute tolerance may explain why many studies observe higher rates of impaired driving for AmED consumers compared to alcohol alone consumers. Because drunk driving is a major public health concern, alcohol consumers should be warned that the use of energy drink mixers with alcohol could lead to a false sense of security in one's ability to drive after drinking.
The consumption of alcohol mixed with energy drinks (AmED) may be riskier than alcohol alone (for a review, see Marczinski & Fillmore, 2014) . The addition of highly caffeinated energy drink mixers to alcohol, although a common practice, may lead to greater health and safety risks than would be expected based on the dose of alcohol. For example, one reliable finding in the literature using samples of differing ages from around the world is that consumers of AmED are more likely to be heavier-risky drinkers and are more likely to drive after drinking when compared to alcohol alone consumers (Arria, Caldeira, Bugbee, Vincent, & O'Grady, 2016; Bonar et al., 2015; Brache & Stockwell, 2011; Eckschmidt, de Andrade, dos Santos, & de Oliveira, 2013; Martz, Patrick, & Schulenberg, 2015; O'Brien, McCoy, Rhodes, Wagoner, & Wolfson, 2008; Spierer, Blanding, & Santella, 2014; Thombs et al., 2010; Tucker, Troxel, Ewing, & D'Amico, 2016; Woolsey et al., 2015a Woolsey et al., , 2015b . In one field study of U.S. bar patrons, alcohol consumers were asked about their types of drinks consumed that evening (AmED) and their intentions to drive upon leaving the bar district and then were asked to provide a breathalyzer reading (Thombs et al., 2010) . The results indicated that the AmED consumers were at a threefold increased risk of being legally intoxicated compared to the patrons who did not consume AmED, and the AmED consumers were at a fourfold increased risk of intending to drive. Given that the association between AmED consumption and driving while impaired is so reliable in the literature, an explanation for this phenomenon is needed.
For alcohol alone, binge drinking is strongly associated with alcohol-impaired driving (Flowers et al., 2008) , and driving while intoxicated is more directly related to binge drinking rather than is chronic heavy drinking (Borges & Hansen, 1993; Duncan, 1997) . Thus, the high rates of impaired driving in AmED consumers may simply reflect excessive use of alcohol (Rossheim et al., 2016) . Moreover, heavy drinking is associated with the development of alcohol tolerance or the diminished intensity of the response to a dose of alcohol with repeated administration (American Psychiatric Association, 2013). As tolerance develops, higher doses of alcohol may be needed to reinstate the initial effect, which is why tolerance to alcohol is one of the diagnostic criteria for alcoholrelated disorders, because tolerance contributes to alcohol dependence by encouraging escalating doses. When alcohol consumers drink, they may make decisions to drive, in part, by how they feel. Tolerance to the subjective impairing effects of alcohol may lead drinkers to think they are more able to drive because they are not feeling the alcohol as much as they used to prior to tolerance development. However, tolerance need not take months or years to develop. In fact, alcohol tolerance can be observed within a single drinking episode (Tabakoff, Cornell, & Hoffman, 1986) . Acute tolerance is defined as diminished intensity of the response to alcohol later in a drinking episode when compared to the earlier more pronounced intensity of the response to the alcohol measured soon after alcohol administration when blood alcohol is still rising, even if the blood alcohol content (BAC) is the same at both times (Beirness & Vogel-Sprott, 1984; Bennett, Cherek, & Spiga, 1993; Hiltunen & Järbe, 1990) . In the literature, acute tolerance is sometimes referred to as the "Mellanby effect," named for the first demonstration of acute tolerance to alcohol whereby ataxia in dogs was greater for a BAC on the ascending limb of the BAC-time curve compared to a matched BAC assessment for the declining limb (Mellanby, 1919) .
There are two pieces of evidence that suggest that acute tolerance should be examined following AmED consumption to better understand the high rates of impaired driving in AmED consumers. First, the majority of arrests for driving under the influence often occur late at night (Shore, McCoy, Toonen, & Kuntz, 1988) , and decisions about whether to drive under the influence are likely to occur when BAC is declining. Toxicological report data from autopsies of drinking drivers who were killed in traffic accidents have supported this claim (Levine & Smialek, 2000) . Data from one sample of driver fatalities where alcohol was present in blood and death occurred shortly after the accident revealed that only 8% of cases were on the ascending limb of the BAC curve and 25% of cases were at the plateau. The majority of cases, specifically 67% of fatalities, were on the declining limb. Because binge drinkers, including AmED consumers, are ingesting high doses of alcohol and timing after alcohol ingestion matters for impaired driving, a study that compares the acute effects of AmED versus alcohol alone when BAC is rising and declining is needed.
The second reason that acute tolerance should be examined following AmED consumption is that a recent systematic review of human laboratory-based studies of the acute alcohol tolerance literature revealed that acute tolerance was most reliably demonstrated for subjective intoxication and willingness to drive ratings (Holland & Ferner, 2017) . When BAC is rising, participants feel more intoxicated and report being less willing to drive. However, later in the drinking episode, when BAC is declining, participants develop acute tolerance and report feeling less intoxicated and report being more willing to drive. The development of acute tolerance to these subjective ratings does not coincide with actual behavior, indicating that the development of acute tolerance is not uniform across all subjective and objective measures (Cromer, Cromer, Maruff, & Snyder, 2010; Marczinski & Fillmore, 2009; Weafer & Fillmore, 2012) . In fact, the objective measures that reflect the skills that would actually be needed for safe driving (i.e., fast and accurate reaction times [RTs] , responses to inhibitory cues, and skills measured using driving simulators) are generally collectively as a whole worse on the declining limb compared to the same BAC on the rising limb. Thus, acute tolerance plays an important role in maladaptive decisions to drive because acute tolerance is more readily observed for subjective state than objective skills (Marczinski & Fillmore, 2009) . Of importance for AmED consumers and this current study, alterations in subjective state are frequently reported in laboratory research where the acute effects of AmED versus alcohol alone are compared on a variety of subjective and objective measures (regardless of what BAC position was tested, although most studies have focused on ascending or peak BAC). After consumption of AmED beverages, participants report feeling less intoxicated, less impaired, more stimulated, and less sedated (for a review, see Marczinski & Fillmore, 2016) . However, these subjective reactions do not coincide with better driving. The results of at least one study examining simulated driving for caffeinated alcohol versus alcohol alone indicated that caffeine does not alter breath alcohol concentrations (BrAC) or driving performance when alcohol has been consumed (Howland et al., 2011) .
Therefore, the purpose of this study was to determine whether differential development of acute tolerance that occurs for AmED versus alcohol alone may play a role in the heightened risk of impaired driving following AmED consumption. Social drinkers (n ϭ 12) attended four separate sessions where they received alcohol and energy drinks, alone and in combination. The development of acute tolerance to alcohol for subjective willingness to drive ratings was assessed by comparing measures during the ascending and descending phases of the blood alcohol curve. Performance on a cued go/no-go RT task and other subjective measures were also tested on these two tests. It was predicted that there may be differential development of acute tolerance for AmED compared to alcohol alone, particularly for the subjective ratings. It was also predicted that acute tolerance would not be observed for the objective measures from the cued go/no-go RT task. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Method Participants
Twelve adults (seven men) between the ages of 21 and 27 years (M ϭ 22.33, SD ϭ 1.67) participated in this study. The selfreported racial makeup of the sample was one African American and 11 White participants. For ethnicity, no participants selfidentified as Hispanic. Participants had a mean weight of 77.10 kg (SD ϭ 15.47). Volunteers completed questionnaires that provided demographic information, alcohol and caffeine use habits, and physical and mental health status.
Exclusion criteria included a self-reported psychiatric disorder, substance use disorder, head trauma, or other central nervous system injury. In addition, volunteers with a score of the 5 or higher on the Short Michigan Alcoholism Screening Test (Selzer, Vinokur, & van Rooijen, 1975) and/or a score of 8 or higher on the Alcohol Use Disorders Identification Test (Barbor, de la Fuente, Saunders, & Grant, 1989) were also excluded from study participation because of the risk for dependence (Barry & Fleming, 1993; Schmidt, Barry, & Fleming, 1995) . Furthermore, individuals who did not regularly consume alcohol (i.e., fewer than two standard drinks per month) were excluded. Inclusion criteria included the self-reported consumption of one energy drink in the past year and having consumed at least one caffeinated beverage in the past 2 weeks (e.g., soft drink, tea, coffee, chocolate, and/or energy drink). All participants had normal or corrected-to-normal visual acuity and normal color vision. No volunteers used any illicit drugs or were pregnant, as determined by self-report and urine drug testing assessed at the start of each session. Participants were recruited through notices posted on community bulletin boards at the university. All volunteers provided informed consent before participating. The Northern Kentucky University Institutional Review Board approved this study, and volunteers received $130 for their participation in the entire five-session study.
Measures
Personal Drinking Habits Questionnaire (PDHQ; VogelSprott, 1992). The PDHQ measures an individual's current, typical alcohol use habits including (a) number of standard drinks (i.e., bottles of beer, glasses of wine, and shots of liquor) typically consumed during a single drinking occasion, (b) dose (grams of absolute alcohol per kilogram of body weight typically consumed during a single drinking occasion), (c) weekly frequency of drinking, and (d) hourly duration of a typical drinking occasion. The PDHQ also measures previous experience with alcohol in terms of the number of months that an individual has been drinking on a regular basis or customarily on social occasions.
Timeline Follow-Back (TLFB; Sobell & Sobell, 1992) . The TLFB assesses self-reported daily patterns of alcohol consumption during the past 30 days, including maximum number of continuous days of drinking, maximum number of continuous days of abstinence, total number of drinking days, total number of drinks consumed in the past month, highest number of drinks consumed in one day, total number of heavy drinking (five-plus drinks) days, and total number of "drunk" days (i.e., days on which the participant self-reported feeling intoxicated).
Caffeine Use Questionnaire (CUQ). This questionnaire provides a measure of a participant's daily caffeine consumption in milligrams per kilogram of body weight. Estimates of the caffeine content in foods and beverages were taken from Barone and Roberts (1996); McCusker, Goldberger, and Cone (2006) ; and manufacturer websites for newer products.
Impulsivity measures. Two measures assessed self-reported impulsivity, with higher scores indicating greater impulsivity. The Eysenck Impulsiveness Questionnaire (Eysenck, Pearson, Easting, & Allsopp, 1985) assesses impulsivity using 19 yes/no questions. The Barrett Impulsiveness Scale-11 (BIS-11; Patton, Stanford, & Barratt, 1995) assesses impulsivity by asking participants to rate how typical 30 different states are for them on a 4-point Likert scale.
Biphasic Alcohol Effects Scale (BAES; Martin, Earleywine, Musty, Perrine, & Swift, 1993). Subjective ratings of stimulation and sedation were evaluated using this 14-adjective rating scale where seven adjectives describe stimulation effects (e.g., stimulated, elated), and the remaining seven describe sedation effects (e.g., sedated, sluggish). Participants rated each item on an 11-point Likert-type scale ranging from 0 (not at all) to 10 (extremely) and Stimulation and Sedation scores were summed separately (score subscale range ϭ 0 -70).
Subjective effect ratings. A two-item 100-mm visual analogue scale was used to assess the subjective effects of the dose administered with end anchors of not at all and very much. Participants rated their willingness to drive and their overall level of impairment at the time of the rating (Beirness, 1987) . A rating of 100 would indicate total willingness to drive and no impairment for these measures. In addition, participants completed an intoxication rating scale (Fillmore & Vogel-Sprott, 1999) . Perceived level of intoxication was indicated by the perceived alcoholic content of the beverage administered in terms of bottles of beer containing 5% alcohol. The scale ranges from 0 to 10 bottles of beer, in .5-bottle increments. Finally, participants were asked to rate what they would be willing to pay for the beverage they had received. The scale ranges from $.00 to $10.00, in $.50 increments.
Cued go/no-go RT task. The cued go/no-go RT task was used to assess the ability to activate and inhibit responses (Marczinski & Fillmore, 2003a , 2003b Miller, Schäffer, & Hackley, 1991) . This task is sensitive to the effects of moderate doses of alcohol and energy drinks (Marczinski, Fillmore, Bardgett, & Howard, 2011; Marczinski, Fillmore, Maloney, & Stamates, 2017) . The task was operated using E-Prime 2.0 software (Schneider, Eschman, & Zuccolotto, 2002 ) on a Dell Latitude laptop computer (Dell Inc., Round Rock, TX). A test consisted of 250 trials involving four possible cue-target combinations and took approximately 15 min to complete. A trial involved the following sequence of events: (a) a fixation point (ϩ) for 800 ms; (b) a blank screen for 500 ms; (c) a cue (a horizontal or vertical white rectangle), displayed for one of five stimulus onset asynchronies (SOAs ϭ 100, 200, 300, 400, and 500 ms); (d) a go or no-go target (green or blue rectangle), visible until a response occurred or 1,000 ms elapsed; and (e) an intertrial interval of 700 ms.
The cue orientation (horizontal or vertical) correctly indicated the target 80% of the time. Participants were instructed to press the forward slash (/) key on the keyboard as soon as a go (green) target appeared and to suppress (inhibit) any response if a no-go (blue) target appeared. Activational and inhibitory tendencies show rapid development of cue dependence as cues help an individual prepare for the appropriate execution or inhibition of behavior (Miller This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
et al., 1991). For response activation, the acute effects of alcohol typically slow mean RTs to go targets, particularly in the invalid no-go cue condition (Marczinski & Fillmore, 2003a , 2003b . For response inhibition, the go cue generates the proclivity to prepare to act, yet participants must overcome this response prepotency to successfully inhibit the response when a no-go target is displayed. Acutely, alcohol impairs response inhibition, particularly in the invalid go cue condition (Marczinski & Fillmore, 2003a , 2003b . When alcohol is administered in moderate doses, the coadministration of caffeine-energy drinks have been shown to reduce the impairment by alcohol for response execution (as measured by RTs to go targets) but does not alter the alcohol impairment on response inhibition (as measured by the proportion of failures to inhibit responses to no-go targets ' Marczinski & Fillmore, 2003a; Marczinski et al., 2011) . Given that the invalid cue conditions are where the acute effects of alcohol and energy drinks are observed, data analyses focus on the invalid no-go cue condition for mean RTs and the invalid go cue condition for proportion of failures to inhibit responses.
Procedure
Prelaboratory screening. Individuals who responded to the advertisements contacted the research assistant by e-mail to set up a time to participate in a telephone intake-screening interview. During the telephone interview, volunteers were informed that the purpose of the experiment was to study the effects of alcohol and energy drinks on behavioral and mental functioning. Volunteers were told that they would be asked to come to the lab for five sessions to perform computerized tasks and complete paper-andpencil questionnaires. Moreover, they were informed that they would receive a beverage to consume on all sessions except the first one and that the beverage they would receive on each session could contain the maximum dose of alcohol found in four beers and the maximum dose of caffeine found in a cup of coffee or two cans of a soft drink. The research assistant determined whether the participant met all eligibility requirements to participate. Before any test session, participants were required to fast for 2 hr, abstain from any form of caffeine for 8 hr, and abstain from alcohol for 24 hr. Eligible subjects then made an appointment for one baseline session and four dose administration sessions.
Baseline session. Each participant was tested individually by a trained research assistant. Testing occurred between the hours of 10:00 a.m. and 4:00 p.m. Testing times within one subject were kept as similar as possible and did not vary more than 4 hr from the baseline session start time. Upon arrival in the lab for the baseline session, the participant was asked to provide informed consent. The participant also completed a general health questionnaire and PDHQ, TLFB, CUQ, Eysenck, and BIS-11 paper-and-pencil questionnaires. The participant was weighed. Finally, the participant practiced the cued go/no-go task on the computer. Dose administration sessions. Sessions 2-5 were dose administration sessions. At the start of every dose administration, the participant was weighed and completed a medical screening questionnaire to ensure that the person was healthy and had not recently taken any prescribed or over-the-counter medications. A zero breath alcohol concentration (BrAC) was confirmed using an Intoxilyzer Model 400 (CMI Inc., Owensboro, KY). The participant provided a urine sample in a private bathroom in the lab, and the research assistant immediately tested the urine sample for drug metabolites and pregnancy (women only). For drug metabolites, the testing was for benzodiazepines, barbiturates, tetrahydrocannabinol, cocaine, amphetamines, and opiates (uVera Diagnostics Inc., Norfolk, VA).
On each test day, the participant received one of four possible doses: (a) 1.97 ml/kg vodka ϩ 3.94 ml/kg decaffeinated soft drink, (b) 1.97 ml/kg vodka ϩ 3.94 ml/kg energy drink, (c) 3.94 ml/kg decaffeinated soft drink, or (d) 3.94 ml/kg energy drink. Dose administration was single-blind because the research assistant was monitoring BrACs and dose order was counterbalanced between participants. Doses were calculated by body weight, and the alcohol doses were reduced by 87% for female participants. For the alcohol doses, the 1.97 ml/kg vodka (40% alcohol/volume Smirnoff Red Label vodka, No. 21, Smirnoff Co., Norwalk, CT) was chosen because this dose results in a moderate peak BrAC of approximately .08 g% (Marczinski et al., 2011) , which is the U.S. legal limit for driving. The alcohol doses were mixed with one of following: Squirt (Dr. Pepper Snapple Group, Plano, TX), a decaffeinated carbonated soft drink, or Red Bull energy drink (Red Bull, Switzerland). In the control conditions, where the energy drink or decaffeinated soft drink was consumed, 10 ml of vodka was floated on the surface of the beverage to give the drink an alcoholic scent (Marczinski et al., 2011) . Participants were informed that they might receive alcohol, energy drink, decaffeinated soft drink, or a combination of these during all of the test sessions. However, the exact contents of the beverages were never disclosed to the participants during the course of the study.
Participants were given their beverage in a plastic cup and were asked to consume the drink within 10 min. Drinking was selfpaced. After dose administration, participants relaxed and read magazines. BACs were measured at 30, 40, 50, 60, 75, 90, 100, 110, and 140 min. after drinking. Participants also provided breath samples at those times during sessions where no alcohol was administered. Based on previous work examining acute tolerance using the same dose of alcohol and administration procedures (Marczinski & Fillmore, 2009) , the peak BrAC for the alcohol conditions was expected to be approximately .08 g% and to occur at approximately 60 min after drinking began. The ascending limb and descending testing battery occurred at 30 and 90 min after drinking began because BrACs were expected to be approximately .06 -.07 g% and match at those times, also based on previous work (Marczinski & Fillmore, 2009 ). For both ascending and descending limb tests, participants completed the cued go/no-go task, the BAES, the willingness to drive rating, and the impairment rating. For the descending limb test, participants also completed the intoxication and pay ratings.
Upon completion of the testing period, participants relaxed in a waiting room in the laboratory. Participants received a hot meal and snacks and remained at leisure to read magazines or watch DVDs until their BrAC fell below .02 g%, at which time they were released. Participants who had not received alcohol were immediately released after the testing battery concluded. All participants were paid and debriefed following the completion of the final session. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Data Analyses
For the dependent measures obtained, the data were submitted to separate 2 (alcohol dose: 1.97 ml/kg vodka vs. .00 ml/kg vodka) ϫ 2 (energy drink: 3.94 ml/kg energy drink ϫ 3.94 ml/kg decaffeinated soft drink) ϫ 2 (test: ascending limb vs. descending limb) withinsubject analyses of variance (ANOVAs). Sex was included as an initial between-subjects factor for all initial analyses, but no main effects or interactions with sex were obtained for the measures after dose administration. Given the small sample size and focus on measuring acute tolerance that required three-way ANOVAs, sex is reported for only the analyses of the drinking habits where sex differences could be anticipated. The alpha level was set at .05 for all statistical tests, and SPSS 17.0 was used to conduct all analyses. Table 1 provides all demographic and baseline questionnaire measures for the male and female participants. Possible sex differences in these baseline measures were tested using independentsamples t tests. Results revealed that men weighed significantly more than did women, t(10) ϭ 4.39, p ϭ .001. Also, men selfreported a longer history of drinking alcohol compared to women, t(10) ϭ 2.52, p ϭ .030. No other significant differences on any of the other alcohol use, caffeine use, or impulsivity measures were observed (ps Ͼ .14).
Results

Demographic Characteristics and Self-Reported Caffeine and Alcohol Use
Breath Alcohol Concentrations
No detectable BrACs were observed under the placebo or energy drink conditions. BrACs obtained in the two active alcohol dose conditions were examined by a 2 (energy drink) ϫ 8 (time) within-subject ANOVA. The means are presented in Figure 1 Table 2 reports the mean (SD) values for the mean RTs and proportions of inhibitory (p-inhibitory) failures under all four dose conditions for each test. The results of a 2 (alcohol) ϫ 2 (energy drink) ϫ 2 (test) within-subject ANOVA for mean RTs for the invalid no-go cue condition revealed a significant main effects of alcohol, F(1, 11) ϭ 5.31, p ϭ .042, 2 ϭ .325, and a significant main effect of test, F(1, 11) ϭ 7.00, p ϭ .023, 2 ϭ .389. There were no other main effects or interactions (ps Ͼ .052). The main effect of alcohol reflected slower mean RTs for the alcohol conditions (M ϭ 328.77) compared to when alcohol was not administered (M ϭ 302.99). The main effect of test reflected slower mean RTs for Test 2 (M ϭ 325.80) compared to 1 (M ϭ 305.95).
Cued Go/No-Go Task Performance
The results of a 2 ϫ 2 ϫ 2 ANOVA for p-inhibitory failures for the invalid go cue condition revealed a significant main effect of alcohol, F(1, 11) ϭ 10.48, p ϭ .008, 2 ϭ .488. There were no other significant main effects or interactions for this analysis (ps Ͼ .410). The main of alcohol reflected greater p-inhibitory failures for the alcohol conditions (M ϭ .23) compared to when alcohol was not administered (M ϭ .14).
Subjective Ratings
Mean (SD) values for all subjective ratings under all four dose conditions for each test are reported in Table 2 . The results of a 2 ϫ 2 ϫ 2 within-subject ANOVA for Stimulation ratings revealed a significant main effect of alcohol, F (1, 11) Note. SMAST ϭ Short Michigan Alcoholism Screening Test; AUDIT ϭ Alcohol Use Disorders Identification Test; EIQ ϭ Eysenck Impulsiveness Questionnaire; BIS-11 ϭ Barrett Impulsiveness Scale-11; PDHQ ϭ Personal Drinking Habits Questionnaire; TLFB ϭ Timeline Follow-Back. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The results of a 2 ϫ 2 ϫ 2 ANOVA for Sedation scores revealed a significant main effect of alcohol, F(1, 11) ϭ 13.25, p ϭ .004, 2 ϭ .546. There were no other main effects or interactions for this analysis (ps Ͼ .149). The main effect of alcohol reflected higher sedation ratings when alcohol was administered (M ϭ 30.06) versus conditions with no alcohol (M ϭ 16.38).
The results of a 2 ϫ 2 ϫ 2 ANOVA for Willingness to Drive ratings revealed a significant main effect of alcohol, F(1, 11) ϭ 145.29, p Ͻ .001, 2 ϭ .930; a significant main effect of test, F(1, 11) ϭ 17.24, p ϭ .002, 2 ϭ .610; and a significant Energy Drink ϫ Test interaction, F(1, 11) ϭ 15.21, p ϭ .002, 2 ϭ .580.
There were no other main effects or interactions for this analysis (ps Ͼ .054). Figure 2 presents the mean willingness to drive ratings under each dose and test. The figure illustrates the main effect of alcohol where willingness to drive ratings were significantly lower after alcohol (M ϭ 21.40) versus no alcohol (M ϭ 94.83) administration. Given the interest in assessing the development of acute tolerance, paired-samples t tests were conducted to compare Tests 1 and 2 for each dose condition. The results indicated that for the AmED condition, Test 2 willingness to drive ratings were significantly higher than that for Test 1, t(11) ϭ Ϫ3.56, The results of a 2 (alcohol) ϫ 2 (energy drink) ANOVA for intoxication ratings revealed a significant main effect of alcohol, F(1, 11) ϭ 55.56, p Ͻ .001, 2 ϭ .835, and a significant Alcohol ϫ Energy Drink interaction, F(1, 11) ϭ 13.53, p ϭ .004, 2 ϭ .551. There was no main effect of energy drink (p ϭ .497). The Alcohol ϫ Energy Drink interaction reflected lower intoxication ratings in the AmED condition (M ϭ 2.88) versus the alcohol alone condition (M ϭ 3.67), which was confirmed with a pairedsamples t test, t(11) ϭ 2.55, p ϭ .027. By contrast, intoxication ratings for placebo (M ϭ .00) and energy drink (M ϭ .46) alone were low and not significantly different, t(11) ϭ Ϫ1.69, p ϭ .119.
Finally, the results of a 2 (alcohol) ϫ 2 (energy drink) ANOVA for willingness to pay ratings revealed a significant main effect of alcohol, F(1, 11) ϭ 13.12, p ϭ .004, 2 ϭ .544, and a significant main effect of energy drink, F(1, 11) ϭ 5.37, p ϭ .041, 2 ϭ .328. There was no interaction (p ϭ .828). The main effect of alcohol reflected participants' ratings that they would be willing to pay more for alcoholic drinks (M ϭ $2.98) than for drinks with no alcohol (M ϭ $1.21). The main effect of energy drink reflected that participants would pay more for energy drinks (M ϭ $2.52) than for drinks made with the decaffeinated soft drink (M ϭ $1.67).
Discussion
The results of the current study indicated that alcohol (alone and in combination with energy drinks) decreased willingness to drive ratings for each test compared to conditions where no alcohol was administered. However, on the descending limb test, AmED administration resulted in significantly higher willingness to drive ratings compared to the ascending limb test (indicating development of acute tolerance). This result was not observed for alcohol alone, where ascending and descending limb willingness to drive ratings were similar. When participants were asked on the descending limb test about their perceived level of intoxication using a scale that asked them how many standard drinks they thought they had consumed, participants indicated they felt less intoxicated after AmED versus alcohol alone. For the subjective rating of impairment, there was evidence for acute tolerance to alcohol, because impairment ratings were lower on the descending limb test compared to the ascending limb test for the alcohol conditions. However, no differences in limb tests for alcohol versus AmED were observed for the measure of impairment, indicating that acute tolerance developed uniformly for both alcohol and AmED for this measure. Thus, the results for the willingness to drive and intoxication measures provide some indication why AmED consumers might be more likely to engage in impaired driving in the real world. AmED consumers may feel less intoxicated and be more willing to drive, and this is in addition to general acute tolerance to feelings of impairment that generally occurs after alcohol administration.
It is important to note that in the results, any acute tolerance for measures of perceived state under alcohol does not appear to reflect any changes in cognitive and behavioral skills that would be needed to drive with effectiveness. For the cued go/no-go task performance, alcohol administration resulted in slower RTs and increased inhibitory failures, and these impairments were maintained regardless of when testing occurred. Thus, the differential development of acute tolerance to AmED versus alcohol alone may explain why many studies have observed higher rates of impaired driving for AmED consumers compared to alcohol alone consumers. AmED consumers are not feeling the subjective impairment to the same degree as do alcohol alone consumers, yet all alcohol consumers display behavioral impairment after ingesting alcohol.
In the current study, dose administration was controlled so that acute tolerance could be assessed by comparing matched BrACs as BrAC rises versus falls. However, we recently reported a lab study where we observed that self-paced consumption of AmED beverages is typically faster than is alcohol alone when measured in the same drinker (Marczinski et al., 2017) . This occurs because AmED beverages are more rewarding and reinforcing than is alcohol alone (Marczinski, Fillmore, Henges, Ramsey, & Young, 2013; Marczinski, Fillmore, Stamates, & Maloney, 2016) . Even with alcohol alone, individuals vary in the speed of alcohol intake, which will determine how quickly BrAC rises. In one laboratory study of social drinkers who ingested a moderate dose of alcohol, faster increases in BrAC on the ascending limb were associated with greater acute tolerance for ratings of subjective intoxication (Morris, Amlung, Tsai, & McCarthy, 2017) . As such, the differential development of acute tolerance for AmED versus alcohol alone observed for willingness to drive ratings in the current study may actually underestimate what is occurring when real drinkers can drink at a self-desired pace. It would be important for further work to examine whether self-paced drinking results in greater effects for willingness to drive than that observed in the current study.
Although every study has limitations, a few specific limitations should be noted. In the current study, the peak BrAC reached was just below .08 g% (i.e., the legal limit for driving in the United States). With alcohol administration studies, keeping BrAC within a moderate range ensures participant safety, but impaired driving in the real world reflects situations where BrAC is much higher. It would be important to replicate these findings using varying doses of alcohol and energy drinks to increase the ecological validity of the current results. Another limitation in this study is that we recruited a small nondiverse sample of social drinkers who had homogenous drinking habits and who varied on personality traits, including impulsivity and sensation seeking. Future work should examine heavier drinkers, who may be more tolerant to the alcohol-impairing effects, for both subjective and objective measures. Finally, a third study limitation is that we assessed the This document is copyrighted by the American Psychological Association or one of its allied publishers.
measures of perceived intoxication (i.e., how many standard drinks do you think you were given?) and willingness to pay (i.e., how much would you pay for the drink you were given?) on only the descending limb test. Moreover, we did not include a measure of perceived dangerousness of driving measure, which others have used to detect acute tolerance reliably in alcohol studies (Amlung, Morris, & McCarthy, 2014) . When designing the study, we were concerned that participants would not vary their scores from their initial rating on the perceived intoxication and willingness to pay items, because these measures may not fluctuate when compared to measures that can be assessed repeatedly (i.e., sedation, willingness to drive at the time of the rating). It remains unclear whether perceived intoxication or willingness to pay ratings could fluctuate within one dose administration session and whether other measures might similarly or better measure willingness to drive following alcohol consumption.
In sum, the current study provides laboratory evidence that there is differential development of acute tolerance for AmED versus alcohol alone. Acute tolerance is already known to play a role in impaired driving decisions, and the current study extends this work to suggest that, compared with alcohol alone consumption, AmED consumption may lead to greater acute tolerance for the willingness to drive. This provides a partial explanation for why AmED consumers are more likely to drive impaired. Because AmED consumers also drink higher doses of alcohol than do alcohol consumers, it is likely that both binge drinking and acute tolerance are leading to impaired driving. Prevention programs should communicate this information to alcohol consumers in efforts to reduce the harms and hazards of alcohol use.
